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Um siteih (Corchorus depressus) Germination and Growth in 
 a Sandy Soil under Water Stress Conditions.   
Jamal Hajer Hassan Mohammed 
 
ABSTRACT 
 A field survey was carried out in Alsabaloga, River Nile 
State, Sudan, to determine the natural distribution of Um siteih 
plant and collection of its seeds (Corchorus depressus). 
A field experiment was also conducted to determine the 
effect of water stress on the performance of Um siteih plants. 
The morphological and physiological bases of adaptation were 
discussed. 
The results of the field survey indicated that the majority 
of Um siteih plants were on light soil (sandy soils) compared to 
with relatively heavy soil (Wadi soil). 
The seeds of Um siteih plants germinated in a wide range 
of temperatures (2oC-45oC), and the percentage of 
germination was high when the seeds were soaked before 
sowing. 
The results indicated that, the water-stressed plants of Um 
siteih had significantly increased number of stems , leaves, root 
length, flowers, pods, fresh weight of stems, dry weight of 
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stems, fresh weight of roots and dry weight of roots per plant.  
However significant reduction was obtained in stems length 
and relative water content in water-stressed in plant. Moreover, 
morphological variations were particularly evident in stressed 
plants especially in the number of stems, leaves, flowers and 
pods number. 
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CHAPTER ONE 
Introduction 
Desertification of the arid lands of the world has been 
proceeding-- sometimes rapidly, sometimes slowly--for more than  
thousand years. It has caused untold misery among those most 
directly affected, yet environmental destruction continues. Until 
recently, few if any lessons seemed to have been learned from the 
past, in part because the problem was an insidious one that went 
unrecognized in its early stages or was seen as a local one affecting 
only a small population, and in part because new land was always 
available to start over again.  As long as remedial action could be 
deferred by moving on to new frontiers, land conservation had little 
appeal. It was not until the 20th century--when easy land expansion 
came to an end--that governments and people finally realized that 
continued careless degradation of natural resources threatened their 
future.  
Deserts are one of the major terrestrial ecosystems on earth, 
amounting to about one-fifth of the total surface of the planet. The 
distinctive and defining characteristic of all deserts is aridity. 
Deserts encompass landscapes that are also subjected to extremes 
of temperature, high evapo-transpiration, unpredictable 
precipitation, and complex soil types. They comprise a wide 
variety of environments ranging from extreme arid regions to semi-
desert shrublands and grasslands (Lowrey, 2002).  
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Sudan is a large country which, until recently, occupied one 
million square miles and lied between latitudes 3o 53 N and 21o 55 
N and longitudes 21o 54 E and 38o 30 E with a wide variation in its 
habitats and vegetation. The climate of the country is wholly 
tropical and varies from complete desert north of latitude 18o N 
through a region of semi-desert, passing southwards into a 
continental equatorial type of climate (Whiteman, 1971).  
The geology of the Sudan is dominated by Basement 
complex formation. Other major formation Nubian sandstone and 
Umm Ruwaba formation. The soil of Sudan can be classified into 
main groups including various desert soils, stabilized dunes (Qoz), 
dark cracked clays, non-cracking clays and red -loam and ironstone 
soils. The stabilized dunes were formed during periods of drier 
climate in geological recent history. Upon availability of moisture 
vegetation stabilized the dunes and when it was remove the dunes 
become unstable again. Sand dunes represent one of the major 
manifestations of desertification.  
Sand dune movement has resulted in catastrophic 
consequences in Sudan and elsewhere. It has buried farmland, 
houses, irrigation canals, roads and has threatened the River Nile 
itself.  
The classification of the vegetation of the Sudan based on 
the mean annual rainfall and soil types by Harrison and Jackson 
(1958), includes, the desert, low rainfall savanna, high rainfall 
savanna, flood region and mountains region. Sand dune fixation is 
an important step in the struggle against desertification, which is 
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gaining strength in Sudan. The objective is not only to fight erosion 
and stabilize the dune, but also to raise some revenue for residents 
though re-aforestation and agricultural schemes. In dealing with 
shifting sand dunes, one can avoid them, try to halt their advance, 
or learn how to live with, and even utilize them. Avoidance of 
migration of dunes can be done by planning in advance. For 
example, if a dune belt is moving at the rate of 50 m per year, a 
settlement built at least 25 km farther downwind would exist 
without the danger of inundation for about 500 years. However, 
this is not always done and inhabitants of the desert have to worry 
about dune stabilization to protect their livelihoods. 
There are many plants species that are used in sand dunes 
fixation around the world. They include tree species like: Pinus, 
Mesquite, Kaya, Acacia spp, Ecualyptus spp, Codrella, 
Cuppressus, Macrocarpa and Cactus and some grasses such as 
Vetiver grass and Maram grass.  
Sand dune stabilization and the establishment of protective 
tree belts and windbreaks were practiced by the Forest department 
in Sudan during different periods in cooperation with friendly 
countries through Development projects. Some of these projects 
include the Green Belt Cana (White Nile State), Alshinemab Belt 
(Gezira State), Almigrih Forests (Gedaref State) and Albashiri 
Oasis (Kordofan State). Although a number of plant species has 
been used in sand dune fixation in Sudan, the huge extent of the 
problem prompts the need for more locally adapted plants for that 
purpose. A large number of plants are usually noticed growing in 
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deserts or arid land. Many of them have probably not been tried for 
sand dune fixation and may prove quite useful for that purpose. 
Um siteh is one a these plant. Although it has been noticed to be 
growing under conditions of extreme aridity sending its creeping 
stems in all directions, its potential for growth in sand oils, and, 
hence, perhaps, ability for sand dune fixation, has never been 
investigated. 
Therefore, the objectives of this study were: 
1- To study the morphological bases of Um siteih plant 
adaptation to the scarcity environment.  
2-  To study Um siteih plant growth in sandy soil under water 
scarcity. 
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CHAPTER TWO 
LITERATURE REVIEW 
Classification and Botanical description of Um Siteih 
Corchorus depressus (L) Christens 
Um sitieh is perennial plant belonging to family Tiliaceae. 
The local names include: Suteb and Um siteih. It is prostrate to 
decumbent, spreading, woody, perennial herb with strong taproot. 
Seedling: cotyledons Ovate, obtuse at the apex, rounded at the 
base, glabrous; 0.4 cm long. Petioles slightly pubescent. Hypocotyl 
glabrous or nearly so. First true leaves elliptical to obovate; 
rounded to acute at the apex; rounded at the base; margins crenate; 
glabrous. Petioles and short stem glabrous or slightly pubescent.  
Adult plant: stem woody, glabrous except some pubescence 
in the youngest part; surface distinctly rogues; spreading. Leaves 
alternate, elliptical to ovate, more or less rounded at the apex and 
the base leaf margin is crenate to serrate; glabrous: Petioles of 
young leaves pubescent; later glabrous; stipules short. Flowers 
single or in pairs subtended by small axillary, on short glabrous, 
peduncles, subtended by small bractes. Calyx and yellow corolla 
glabrous; 4-fid. Fruit straight or bent, 4-valved, cylindrical, 
glabrous, capsules; beaked at the apex. Seeds polyedric, blackish, 
glabrous; 1.5cm broad. It is widely distributed in Gezira state and 
occurs occasionally in the Nile banks and the arid and semi-arid 
parts of the country (Braun et al., 1991) 
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Effect of water stress on growth of plants: 
Plant water stress, often times caused by drought, can have 
major impacts on plant growth and development. When it comes to 
crops, plant water stress can be the cause of lower yields and 
possible crop failure. The effects of plant water stress vary between 
plant species. Early recognition of water stress symptoms can be 
critical to maintaining the growth of a crop. The most common 
symptom of plant water stress is wilt. As the plant undergoes water 
stress, the water pressure inside the leaves decreases and the plant 
wilts. Drying to a condition of wilt will reduce growth on nearly 
any plant( Bauder, 2003). 
 Plants take in water through their roots. The amount of force 
needed for a plant to remove water from the soil is known as the 
matric potential. When soil moisture is low, plants have to use 
more energy to remove water from the soil, thus the matric 
potential is greater. When the soil is dry and the matric potential is 
strong, plants show symptoms of stress. This is known as the 
matric effect (Bauder, 2003).  
The main consequence of moisture stress is decreased growth 
and development caused by reduced photosynthesis. 
Photosynthesis is the process in which plants combine water, 
carbon dioxide and light to make carbohydrates for energy. 
Chemical limitations due to reductions in critical photosynthetic 
components such as water can negatively impact plant growth 
(Bauder, 2003). 
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Crop selection can be a key component when dealing with or 
anticipating moisture stress. Generalizations about plant groups 
and how they behave under moisture stress can be used to guide 
decisions about crop selection for drought and saline conditions. 
Forage crops are grown for hay, pasture, and biomass production. 
In comparison to determinate and indeterminate crops, perennial 
forages are impacted least by moisture stress. Perennials usually 
have deep well established roots systems. Forage yields are 
typically in response to climatic conditions. Forages that have 
undergone moisture stress will have lower yields than those that 
have not. Annual forages are an effective way to take advantage of 
early season moisture and cooler temperatures. In general, as water 
stress is increased, forage nutritional value is increased, yet overall 
yield and harvestable protein is decreased (Bauder, 2003). 
The effect of water stress on plant hormones (GAs, IAA and 
ABA) level in the leaves and flower-bud formation of the satsuma 
mandarin (Citrus unshiu Marc.) trees was investigated by Koshita 
and Takahara  (2003) to determine the relationship between flower-
bud induction and the level of endogenous plant hormones as a 
result of water stress. Severe water stress (- 1.5 to - 2.0 MPa) in 
autumn, which causes heavy leaf fall, reduced the percentage of 
flowering nodes by one third of the moderately water-stressed ones 
(- 0.5 to - 1.0 MPa). The quantity of GA1/3 from the middle of 
October through early December was significantly higher in the 
leaves of the trees under severe water stress than in the leaves of 
the trees enduring moderate water stress. The content of IAA in the 
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leaves of the trees under moderate water stress was higher in late 
February. These findings indicate that the levels of GA1/3 are 
enhanced by severe water stress, higher in the leaves from the 
branches that produce fewer flowers during flower-bud induction 
periods. The levels of IAA were higher in the leaves from the 
branches that produced more flowers during the season when 
flower-buds develop. 
The effects of water stress on water relations in the leaves of 
young common bean (Phaseolus vulgaris L.) plants were studied 
by Zlatevz et al., 2005. Water stress was imposed 14 days after the 
emergency by withholding water until soil water potential reached 
-0.9 MPa. Water deficit led to a noticeable decrease in both the 
osmotic potential at full hydration and turgor loss point in the 
primary and the first trifoliate leaves of all the cultivars. The lowest 
calculated values for osmotic adjustment are found in drought 
plants of cv. Dobrudjanski ran (-0.29 MPa for the primary and -
0.42 MPa for the first trifoliate leaf). In contrast, high osmotic 
adjustment was found in cultivars Plovdiv 10 and Prelom. The 
three bean genotypes displayed significant differences in their 
adaptive response to drought. This study indicated that osmotic 
adjustment is one of the major adaptive mechanisms of  Phaseolus 
vulgaris to survive drought. The main difference among cultivars 
appears to be due to turgor maintenance, which may be more 
representative of the physiological status of the leaves in these 
cultivars.  
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Classification of plants according to their response to water 
stress: 
Drought resistance may be considered as involving three 
types of mechanisms: dehydration avoidance, dehydration 
tolerance, and sustained water use efficiency (Ahmed and Ahmed, 
2007). 
Dehydration Avoidance: 
The operational definition of dehydration avoidance is the 
ability of a plant to maintain relatively high leaf water potential 
(closer to zero) when subjected to soil or atmospheric drought. The 
plant characteristics that contribute to dehydration avoidance 
include: deeper, more extensive root system, and stomatal closure 
in response to soil drying and high evaporative demands. Clearly, 
there are both costs and benefits to plant performance as a result of 
these  response and adaptation involves optimization and 
harmonious balance (Ahmed and Ahmed, 2007). 
Dehydration Tolerance: 
The operational definition of dehydration tolerance is the 
ability of plant to maintain its function at a particular level of plant 
water potential. Osmotic adjustment represents a major mechanism 
of dehydration tolerance. Plants which accumulate solutes in their 
cells as plant water potential decreases are subjected to smaller 
reductions in turgor pressure (Turner and Jones, 1980). In 
principle, plants which maintain turgor pressure under drought 
have greater ability to maintain their function, providing the 
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accumulation of solutes is not detrimental. Land race of 
Pennisetum typhoides and sorghum that evolved and are presently 
grown in drier climatic zones, have greater osmotic adjustment 
than land races that evolved  in sub-humid zones (Blum and 
Sullivan, 1986). Progress has been made in developing wheat 
cultivars with greater drought resistance by selecting genotypes 
with greater osmotic adjustment in their leaves (Morgan et al., 
1986). The adaptation of xerophytes which develop low leaf water 
potential is associated with substantial osmotic adjustment in 
leaves. Surprisingly, some grain legumes which are reasonably 
well adapted to semiarid environments, exhibit very little osmotic 
adjustment in their leaves, but they exhibit substantial dehydration 
avoidance (Shackel and Hall, 1983). Osmotic adjustment in the 
growing cells of roots can be adaptive mechanism because it would 
permit elongation of roots in a drying soil profile and maintain 
water supply. There has been less research on osmotic adjustment 
in roots than in leaves due to difficulties in making  measurements 
in roots. Therefore, this is an area which could contribute important 
information concerning adaptation to drought. When studying the 
osmotic potential of organs, it is useful to distinguish between 
growing and mature tissues, (Ahmed and Ahmed, 2007). 
Water-Use Efficiency: 
Various Definitions of water-use efficiency (WUE) have 
been used. However, plant physiologists accept the definition as 
the ratio of produced total biomass to total transpiration. It is often 
assumed that plants with high WUE will have improved adaptation 
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to water-limited environments, but this only occur if the plant also 
have sufficient vigor and root growth exploit all of the available 
soil moisture. Conservative plant with closed stomata during most 
of the day could have high gases exchange efficiency (the ratio of 
the rate of CO2 assimilation to transpiration rate), but have limited 
root growth, obtain little soil moisture, and stunted growth. In 
addition, for grain production, the timing of plant activity (and 
water-use) must result in efficient partitioning of carbohydrate to 
grain. For cereal and grain legumes, it has been shown on several 
occasion that grain yield was correlated with available water and 
that the vegetative stage has less influence on grain yield. A 
contrasting hypothesis has been proposed, however, for wheat 
growing in a Mediterranean climate. It was argued that genotypes 
sown when temperature are relatively cool and are active during 
the vegetative stage would have higher seasonal WUE than plants 
which are most active during reproductive stage, due to lower 
evaporative demand early in the grain only if the carbohydrates 
produced during the vegetative stage are stored efficiently and 
subsequently translocated to the developing grain. In evaluating the 
influence of WUE on plant adaptation, it is useful to differentiate 
between actual WUE and intrinsic WUE. Cool-season plants will 
usually have higher WUE than warm-season plants due to the 
lower evaporative demand in cool season and higher rates of 
respiration in the warm season plants. Intrinsic WUE is influence 
the diffusion of H2O and CO2 between leaf and air, and fixation of 
CO2 (Ahmed and Ahmed, 2007). 
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Sand dune formation: 
Dunes are the large, more or less irregular sand waves 
usually formed in natural streams. The longitudinal profile of a 
dune is roughly triangular with a mild and slightly curved upstream 
surface and a downstream slope approximately equal to the angle 
of repose. Flow separation occurs at the crest, reattachment at the 
trough, so bottom rollers are formed at the lee side of each dune 
(Elbaz, 1986). 
On the stream side of the dune, the shear stress moves 
sediment particles uphill until they pass the crest and eventually 
become buried in the bed for a while. As sediment is moved from 
the stream side and deposited at lee side of the dune, the result is a 
slow continuous downstream migration of dune pattern (Elbaz, 
1986). 
THE NATURE OF SAND: 
Sand is defined by its size, although exact quantitative 
ranges vary with author. Bagnold defines sand as any particle 
between .02 mm to 1mm in diameter, while Ahlbrandt (1979) uses 
the range of 0.1 mm to 1.6 mm. Despite discrepancies in 
quantitative definition (which is often due to grain-size difference 
in the individual dune fields studied by each researcher), the 
authors agree that sand is qualitatively defined as any particle that 
is light enough to be moved by the wind but too heavy to be held in 
suspension in the air. Neither mineral composition nor particle 
shape appears to have any significant effect on sand movement or 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
 
 
13 
 
accumulation. Any solid, non-cohesive particle, natural or human-
made, that falls within the above-mentioned range is technically 
sand, including dry granular snow which can build up into dune-
likes .While sand can be composed of various minerals, quartz 
makes up the bulk of the world’s sand grains. This dominance is 
primarily due to the widespread distribution of quartz-containing 
rocks and to the chemical nature of quartz. Unlike other particles, 
quartz sand grains resist both mechanical and chemical breakup 
into smaller sizes (Bagnold, 1941). 
Sand composing inland dune field generally varies more 
widely than coastal-dune sand in the both grain size and degree of 
sorting dune to the greater variety of source for inland-sand and the 
varying distances from source to dune field. Source areas for inland 
sand seas include lake deposits, alluvial fans, playas, glacial till, 
and sandstone Bedrock (Ahlbrandt, 1979). 
Sand Accumulation: 
Two primary factors are necessary for accumulation of sand 
into sand sheets and dunes, wind erosion and water erosion. Wind 
erosion may be defined as “the soil physical process by which dry, 
loose and fine surface soil particles are picked up and transported 
or moved on the ground surface by wind and the soil surface 
material is abraded by wind born particles.” This process is a two-
step process, namely detachment of primary soil particle from the 
soil mass and their transport by erosive winds. When the wind 
velocity or energy is below the threshold value to transport soil 
particles, deposition occurs. The conditions conductive to wind 
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erosion include: loose, dry, and dispersed soil particles, smooth 
surface soil, lack or sparse vegetative cover, large and extensive 
field and sufficiently strong wind. Thus, wind erosion can operate 
in a variety of natural environments but it is particularly significant 
in both hot and cold desert, arid and semi-arid zones, coastal dune 
areas and exposed mountain regions. However, it is human 
consequences are most serious in those agricultural areas with low, 
variable, erratic, and unpredictable rainfall, and high temperature, 
high wind velocity and consequent high rates of evapotranspiration 
as in the case in arid and semi-arid areas. In such areas, in 
developing countries, in particular the process is much accelerated 
by environmentally non-sustainable agricultural system (Mustafa, 
2007). 
Soil erosion by water is a major desertification process. Like 
wind erosion, it has two-phases namely detachment of individual 
particles from soil mass and transport by water. Thus, water 
erosion can be defined as a soil physical process by which soil 
particles are detached from soil mass and transported by rain splash 
or runoff water. When the water energy is no longer sufficient to 
transport the soil particles sedimentation occurs. Water erosion is a 
natural process (geologic erosion) but it can be accelerated by 
adverse human activities (Mustafa, 2007). 
Sand dunes fixation method: 
Introduction: 
Various methods of sand dune fixation have been used, such 
as wood or metal fences, spraying sands with petroleum or its 
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derivatives. Generally, on any given terrain, one or two methods 
are combined, thus increasing the efficiency of sand dune fixation. 
When sand encroachment assumes sizeable proportions it can lead 
to serious economic and social problems. It is often one of the most 
spectacular manifestations of desertification, well-known to many 
countries with long dry seasons (FAO, 1993). 
We can reduce saltation by stabilizing the soil, or reducing 
wind speed at ground level. We may also use wind speed to clear 
away accumulated sand. Several techniques, based on these general 
principles, have been used and may be grouped into two categories 
one of them is primary fixation, whose aim is to stabilize, by 
mechanical means, moving sand masses threatening human 
settlements and infrastructure, or to prevent the formation of these 
sand masses. The other is the definitive fixation, achieved through 
the establishment of a permanent plant cover (FAO, 1993). 
Protection with vegetation: 
The most reliable method of sand fixation is 
phytoreclamation (vegetation regeneration on sands). The concept 
behind this method is to stabilize a mobile surface for some time 
(e, g. 2-3 years) to provide a medium for plant to root in there  .The 
type of protection is mainly mechanical including planting of 
shrubs and grasses in rows, by squares, in the form of hedges or a 
mat (Abdalla et al., 2007). 
According to the method of arrangements, the type of 
protection is subdivided into creeping, semi-hidden and hidden. 
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After attaining an equilibrium profile, seeds of plant or seedlings 
and cuttings are sown under this protection vegetation. The 
distance between rows and side of squares are usually not more 
than 2-4 meters. Protection through local vegetation is most 
popular and its application has long history at they are low cost and 
with good adaptability. The use of “Murkh” Leptadenia 
pyrotechnica branches to form micro-hedges of 3 x 3 m and the 
planting of trees and grasses inside was found very effective in El 
Basheri oasis (Northern Kordofan state). Local vegetation species 
like Leptadenia pyrotechnica, Panicum turgidum (tomam) which is 
abunch rhizomatous grass that can be vegetatively propagated and 
can get established in the first year. However, protection from 
grazing is necessary in the first two years so that animals do not 
disturb the field sands. The advantages of the semi-hidden 
protection method are: complete preservation of local vegetation, 
complete termination of sand migration and transfer from a 
protected site. A combination of semi-hidden protection with seed 
sowing or planting of seedling of local plants is considered the 
best. For effective protection, it is necessary to undertake its repair 
in the first year of planting growth while repeating planting of 
plants on site where they did not is also important. Best results are 
obtained from combination of semi-hidden mechanical protection 
means with clay addition. Here mechanical protection means are 
arranged in squares of 2 x 2 or 3 x 3 m depending on wind regime 
and the state of a sand surface, while in an inter-square space, dry 
clay is spread in a layer 5-10 cm thick followed by its wetting and 
the simultaneous planting of psammophytes. When twiglets of 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
 
 
17 
 
shrubs are used as protection, then it becomes unnecessary to level 
a sand surface. This is why this type of protection is most efficient 
as it; (1) completely puts an end to any migration of sand from 
protected areas and (2) secures seeds of plants in their places and 
hence will grow fast (Abdalla et al., 2007). 
Some plants used in sand dunes fixation: 
A large number of plants are used for sand dune fixation. The 
following are examples of such plants (AbdelKabir, 2011): 
· Acacia  cyclopos 
· Acacia  Ligulata 
· Artrophytum  schmittianum 
· Atriplex spp 
· Calligonum azel 
· Calligonum comosum 
· Haloxylon persicum 
· Lrcium arabicum 
· Nitraria retusa 
· Parkinsonia aculeate 
· Prosopis juliflora 
· Prosopis specigera 
· Retama raetam 
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· Rhanterium suaveolens 
· Salsola vermiculata 
· Stipagrostis pungens 
· Tamarix aphylla 
· Tamarix gallica 
· Zizphus spina-christi 
· Ammophila arenaria 
· Prosopis glandulosa 
· Chrysopogon zizanioides 
Characteristics of some plant 
· Vetiver plant: 
Scientific name: Chrysopogon zizanioides 
The vetiver plant has long been used in perfumes, but it can 
also be used to help stop soil erosion. Vetiver is a type of grass that 
has thick roots that grow deep into the ground. The roots help 
prevent water from passing through as well as keeping moles and 
other pests from getting through as well as retain the nutrients in 
the soil (Coppens, 1999). 
Vetiver is a native of northern India and southern China, 
growing where the annual rainfall is more than 300mm, or 600mm 
where there is a six month dry season. It can also survive more 
than a month of submergence. Vetiver grows in soils from pH 4.5 
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in Ethiopia and China to pH 10.5 in India and in saline soils up to 
an electrical conductivity of 4.0 ( Richard, 2009). 
· Mesquite tree: 
Scientific name: Prosopis glandulosa 
Mesquite is evergreen tree belonging to family Leguminosae 
, genus Prospis which has 44 species. The original home is North 
America. There are two species in Sudan. Mesquite grows under 
diverse environment conditions ranging from tropical and warm 
dry to cold-humid. It grows on all types of soil (clay, sandy, 
alkaline, acidic). It has an extremely deep root system which 
extracts moisture from deep soil layers, a character which enables 
it to survive under exrteme aridity, S. G. Hussein, (pers. Comm.). 
· Marram grass: 
Scientific name: Ammophila arenaria 
Ammophila arenaria was introduced to the west coast of 
North America in l868 to stabilize dunes in the San Francisco area. 
The introduction came from Australia where it had been earlier 
introduced from Europe. Because of its ability to thrive under 
conditions of high wind and sand burial, the grass spread rapidly, 
both by natural means and through its steadily increasing use in 
sand stabilization projects. (Wiedmann, 2008).  
Marram grass is very vital for a successful dune fixation. The 
main characteristics of Marram grass are: 
1/ Marram grass thrives with very little rainfall and nutrients. 
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2/ Marram grass helps build the dune higher because it anchors 
sand that is blown to it by the wind.  
3/ Marram grass has thick waxy leaves that prevent water loss.  
4/ Marram grass has thick fiberous root that anchor sand from a 
distance.  
5/ When marram grass dies it leaves behind rich nutrients to help 
the next stage of vegetation grow.  
6/ Marram grass has a thick root called a rhizome which keeps the 
plant achored. (Wiedmann, 2008). 
Mechanical Fixation Methods: 
Straw checkerboard technology: 
The straw checkerboard technique is used for fixing sand 
dunes (Guo et al., 2004).They found that the straw can greatly 
increase the roughness of the sand dune surface, decreasing the 
intensity of sand flux by as much as 99.5%. Where the sand is 
fixed, soil formation can begin; fine particles are accumulated and 
a hard soil crust is formed on the dune surface, improving both the 
microenvironment and the stability of the dune surface. The straw 
checkerboard can significantly increase the content of organic 
matter of the surface soil. The technique has several advantages: 
remarkable effect of dune fixation, ease of construction, rapid 
result, and no pollution of the environment. However, labor cost 
and replacement after 3-4 years are problems. The straw 
checkerboard can be regarded as a very effective technique, with 
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wide application for sand dune fixation both in China and around 
the world. 
Loose protection materials: 
Clay and gravel are placed either in continuous layer or 
(most widely used) up to 2-3 cm thick or arranged in strips and 
squares. They are done manually but machines can also be used in 
such protection method. Application of clay to a sandy soil 
enriches it with nutritive substances necessary for the normal 
growth of plants and does not pollute the soil. Fixation of mobile 
sands can also be attained by building clay strips (ridges). In such 
case it is necessary to sprinkle water to create a non-scouring crust. 
In some cases seeds of sand-fixing plants or seedling can be 
planted in inter-strip spacing. Loamy sands can also be used for 
fixation of sand dunes by making ridges across prevailing direction 
of winds or placing loamy sands in a layer 10-20 cm thick. Ridges 
are sprinkled with water at a rate of 3-4 liters m-2 (Jumashov, 
1995). 
A complex method of fixation of mobile sands envisages 
application not only of loamy sands, but of crushed gravel, too. 
They are used as ridges of about 0.5 m wide and 0.1 m high. 
Planting of seedlings or sowing of seeds is made on a leeward side 
of a row (wind shadow). In this case young plants will be protected 
from dominating strong wind (Abdalla et al., 2007). 
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These protection measures allow: 
· Application of cheap, easily accessible and ecologically safe 
materials (loamy sand or crushed gravel); 
· Saving of more expensive material; and increase of moisture 
content in a sand under a crust by reducing evaporation and 
therefore, improve adaptability of desert plants (Abdalla et al., 
2007). 
Binding or liquid materials: 
Liquid fixing materials such as mixtures of petroleum 
products (90% oil, 8% fuel and 2% bitumen) are widely used in 
sand fixation. In preparation, bitumen is heated then fuel oil is 
added into melted bitumen and after good mixing oil is added then 
sprinkled by pump. A rate of mix use is on the average 3 liters m-2   
of a surface. This film completely prevents blowing of sand from 
protected sites but does not trap sand carried with wind from 
outside in a wind sand-flow. Laboratory results have shown that an 
optimal rate of oil use for sand fixation is 2.5-5 m-2 formig a crust 
of about 2-3 cm thick (Abdalla et al., 2007).  
Studies also showed that high-viscosity oils are not harmful 
for seeds. The water produced with crude oil petroleum can be 
tested for sand dune fixation. It should not contain the loading 
capacity of toxic elements, do not cause soil degradation or 
otherwise treated to make it suitable for use (Abdalla et al., 2007). 
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Film materials: 
This is a mechanical protection method that assumes 
installation of protection films reinforced by seedlings of sand 
fixing plants. A film material (polyethylene, polyvinyl chloride) 
25-30 cm high is installed in sands with rows every 2-3 m with 
simultaneous planting of seedlings of sand fixing psammophytes 
one by one in each side. The films are used for mechanical 
protection because: they are unaffected by chemical action of soil 
solutions and microflora, because of their high mechanical strength 
and elasticity they allow mechanization of its placement in soil in 
the assigned place and to a set depth (Abdalla et al., 2007). 
For protection purposes a polyethylene film of 0.1 m thick 
(100kg ha1) can be used with the rate of planting materials 
(seedlings or cuttings) of about 3300pcs. The seedlings reinforces 
the protective value of the film. If the local petro-chemical industry 
can provide film materials (by product), this can be immediately 
used in protecting road sides and railway lines against erosion until 
trees are established (Abdalla et al., 2007). 
Zhang et al., (2004) showed that it is possible to restore 
vegetation on the severely degraded sandy lands by developing and 
adopting different artificial measures in the Horqin Sandy Land of 
China. Their experiment showed that the performance of different 
restorative measures may vary appreciably. Among the three 
measures examined are corn straw fencing, wheat straw 
checkerboard and planting Artemisia halodenron Planting of A. 
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halodendron was considered to be the most proper way for 
stabilizing moving sand dunes from ecological viewpoints. 
Water potential: 
Fitter and Hay, (1993) defined water potential as the free 
energy per unit volume of water assuming the potential of pure 
water as zero under standard conditions (ambient temperature and 
atmospheric pressure). The loss of water from plant is partly 
controlled by stomata. As soil dries up, water potential decreases 
and uptake of water by the root is also decreased. If the situation 
continues, the water potential through the whole soil-root-shoot 
system will gradually be reduced until the leaf water potential falls 
sufficiently to cause stomatal closure, leading to a reduction in the 
transpiration rate (Passioura and Fry, 1992). 
Leaf water potential varies greatly, depending upon the type 
of plant and upon environmental conditions. Several characteristics 
have received considerable attentions, in particular, stomatal 
control of water loss (Jones, 1983), and maintenance of leaf water 
potential. 
Hsiao et al., (1976) outlined a number of plant responses of 
water stress which occur well before desiccation becomes lethal. 
Most responses such as cell growth, wall and protein synthesis and 
nzyme activities,  are affected by leaf water potential reduction of 
less than 1.5 MPa. Passive plant control of desiccation itself occurs 
when stomatal closuer results from reduced leaf water potential 
(Palge and Aspinall, 1981). 
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Characterization of dry land herbs adaptation: 
In most sense, drought can be defined as a meteorological 
phenomenon, a period without rain long enough to cause 
significant reduction in soil moisture content and plant growth. 
Drought can be permanent, as in arid regions, or seasonal or even 
random .The period of time without rainfall, actually needed to 
produce drought, depends mainly on the water holding capacity of 
the soil and the rate of evapotranspiration ( Jones, 1992; Larcher, 
1995; Kozlowski and Pallardy, 1997 ) . Plant water stress occurs 
when low plant water potentials develop and cell turgor begins to 
fall (Kozlowski and Pallardy, 1997). 
Plants must be able to cope with and survive drought 
conditions there are two major strategies, drought avoidance and 
drought tolerance and many plant use a combination of both 
mechanisms (Gaspar et al., 2002). 
There are many morphological, anatomical and 
physiological characteristics of plants associated with the degree of 
xeromorphism (Bolhor-Nordenkamp and Draxler, 1993). For 
example, leaf number, size and thickness, in addition to stomatal 
density and sensitivity may provide avoidance or tolerance against 
mild to sever water stress. The deep rooting habit of some plant 
species is clearly an important adaptive mechanism for plant 
survival in dry lands. In desert and other dry environments, rapid 
root growth at the start of growing season can also give a 
competitive advantage to annual plant (Kramer, 1997). The ability 
of the plant to absorb available water is also critical and various 
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factors are involved in all water relations. The cell status is 
normally assessed by the measurement of water potential, which is 
the water absorbing capacity of a plant. 
Adaptations of Plants to Arid Environments: 
Environmental stresses of low and unpredictable 
precipitation, low relative humidity with desiccating winds, and 
high summer temperatures characterize climates of deserts. If these 
are coupled with low nutrient availability will produce severe 
limitations of plant growth. Despite such stresses, desert scrub 
communities often contain surprisingly large amounts of plant 
biomass, and possess remarkable diversity of plant growth forms 
(Solbrig and Orians, 1977). 
The life form of a plant, whether annual, perennial, 
herbaceous, woody, or succulent and the characteristics or its roots, 
stems, and leaves are presumed to be adaptations to the special 
conditions within a desert. Life forms may be classified into 4 
major categories that represent strategies of adaptation, according 
to (Solbrig and Orians, 1977): 
1. Drought-escaping plants – annuals which germinate and grow 
only when there is sufficient moisture available to complete 
their life cycle. Only their seeds persist during times of drought.  
2. Drought-avoiding plants – non-succulent perennials which 
restrict their growth activity to periods when moisture is 
available. Typically, they are drought-deciduous shrubs which 
go dormant or die back during dry periods. 
3. Drought-enduring plants – evergreen shrubs. Extensive root 
systems coupled with various morphological and physiological 
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adaptations of their aerial parts enable these hardy xerophytes to 
maintain growth even in times of extreme water stress. Creosote 
bush (Larrea tridentata). 
4. Drought-resisting plants – succulent perennials. The water 
stored in their swollen leaves and stems is usually used very 
sparingly. 
The major adaptation of both drought-escaping and drought-
evading plants is an ability to accurately predict the wet season and 
to restrict their major growth and reproductive activities to the wet 
part of the year(Solbrig and Orians, 1977). 
 
Drought-escaping plants: annuals 
The proportion of annual species in desert floras is inversely 
related to the amount and reliability of precipitation in a region. 
Life cycles of these small, shallow-rooted plants commence 
when there is water available. Continued survival of annuals 
requires that adequate seed reserves be maintained through dry 
periods until conditions are once again suitable for germination. 
Few seeds rot in the desert environment, but many are lost to seed 
predators, particularly rodents. Seeds of most desert annuals have 
temperature or moisture controlled dormancy which may prevent 
germination, but seed viability is initially high. Seeds may remain 
viable for up to 10 years under artificial conditions. 
Since they are not restricted by water – they grow only when 
water is relatively abundant – they can exploit the favorable light 
and temperature conditions of the desert. They require none of the 
morphological adaptations that other strategists require. 
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Drought-avoiding plants: 
Drought-deciduous plants; they drop their leaves, and 
sometimes their stems during periods of drought. Leaf production 
from mid-Feb. to April, and a leaf canopy persists until drought 
conditions become extreme in summer , their leaves developed in 
early spring when water is available and temperatures moderate, 
are large and green. High photosynthetic rates, with the onset of 
dry period, subsequent leaves produced are smaller, and often with 
a pubescent covering. Lower photosynthetic rates, but lower heat 
load and transpiration rates (Landau, 1992). 
 
Drought-enduring plants: 
They have many types including true xerophytes, maintaining 
a canopy and positive net carbon gain (photosynthesis) throughout 
the year,  know as  Phreatophytes. These plants usually have 
extensive root systems which either spread through the surface 
soils or penetrate several meters below the surface Example – 
mesquite (Prosopis) (Landau, 1992). 
 
Drought-resisting plants: 
They include succulents plants which are the most obvious 
characteristic of drought resistance plants such as desert succulents 
are generally shallow-rooted, allowing them to respond quickly to 
light rainfalls. Stems are often heavily waxed to reduced cuticular 
water loss, leaves are often reduced to spines, and this increases the 
volume to surface ratio. In barrel cactus the ratio is 2.5, compared 
with 0.92 for a succulent leaf of an agave, and 0.01 for many non-
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succulent leaves. The maximum ratio is achieved by the spherical 
form of many cacti, spines also help to reduce heat load, and 
dissipate heat. Tissue temperatures below spines of the cholla 
cactus (Opuntia bigelovii) can be reduced by as much as 11C, 
some desert succulent are rarely killed by high temperatures, and 
several species of cacti and agave can withstand temperatures over 
60oC (140F) for short periods. However, their seedlings are 
especially sensitive to high-temperature injury, and establishment 
is often prevented in open areas where soil temperatures can rise to 
800 C ( Landau, 1992). 
 
Other adaptations: 
Including microphylly – typical leaves of warm desert plants 
are small and narrow, a design that enables leaf temperature to be 
near ambient temperature even when stomata are closed, so leaves 
can avoid lethal summer time temperatures during summer drought 
(Landau, 1992). 
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CHAPTER   THREE 
MATRIALS AND METHODS 
A general survey of Corchorus depressus (Um siteih) was 
carried out in Alsabaloga locality , River Nile state  to observe the 
distribution and collect seeds of Um Siteih. During the survey 
plants of Um siteih herbs were collected from various parts of 
Alsabaloga sand dunes to obtain seeds. The collected specimens 
were identified according to (Braun et al., 1991). 
Seeds were collected for further experimentation under laboratory 
and field conditions. 
1/ Laboratory experiment: 
The experiment were designed to study the effect of 
temperature on seed germination of Corchorus depressus. Seeds 
were either sown without any treatment or soaked in tap water for 
two hours before sowing. Fifty seeds were germinated in plastic 
boxes filled with moist sand soil and replicated three times. The 
seeds were then incubated for 10 days at 15o, 20o, 25o, 30o, 35o, 40o, 
45o C temperatures. At end of incubation period, normal seedlings 
were counted to determine the germination percentage. 
2/ Field experiment: 
One experiment was conducted under field conditions in the 
Dept. of Botany and Plant Biotech., Faculty of Agriculture, 
University of Khartoum, Shambat (Latitude 15o 40´ N and 
Longitude 32o32´ E) to study growth of potential Um siteih in 
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sandy soil under conditions of water scarcity. The experiment was 
arranged in Randomized Complete Block Design (RCBD) with 
three replicates. Each block contained soil pits. Each pit was of 50 
cm diameter and 50 cm deep and was filled with sand soil which 
was brought from sand dunes west of Omdurman. Five irrigation 
treatments were employed: every week, 2 weeks, 4 weeks, 6 weeks 
and 8 weeks. One pit was assigned at random to each irrigation 
treatment.  
Seeds of Um siteih were soaked in warm water (400c) for 
two hours, and then soaked in tap water for two hours, A. A. 
Hassan  
( pers. Comm.). Thereafter; the goopy coats of seeds were 
removed. The seeds were sown directly in the soil in pits, 5cm 
deep. Three seeds were sown per pit in the first week of January 
2010, then the pits were irrigated to field capacity (Hassan, 2011 
personal communication). After seedling emergence, seedlings 
were irrigated, according to the watering treatments which were 
designated W1 (One week, control), W2 (Two weeks), W3 (Four 
weeks), W4 (Six weeks), W5 (Eight weeks). 
3/ Characters studied: 
A plant from each pit was marked with colored thread. The 
following measurements were made on those plants every two 
weeks and the average of the three plants in each treatment was 
taken:  
1. Number of stems per plant :  
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2. Average Length of stems per plant: 
Measured from the base of the stem up to the terminal stem 
point 
3. . Average number of leaves per plant:  
4. Root length:  
Measured from the base of the root (Crown of the stem) up 
to root apex using a meter-tape. 
5.  Number of flowers per plant:  
6. Number of pods per plant:  
7.  Stem and root fresh weight per plant: 
Those were determined on three randomly chosen plants; 
each plant was separated into shoot and root. Fresh weights 
of shoot and root per plant was determined by an electronic 
balance (Mettler PM 200-STURES). And the average of the 
three plants was taken (FW)).                
8.  Stem and Root Dry weight per plant: 
After taking the fresh weight, shoots and roots were dried to 
constant weight in an oven at 88oC for 72 hours. Dry weights 
of shoot and root were determined by an electronic balance 
(Mettle PM 200-Stures), and the average of the three plants 
taken (D W). 
  9. Relative water content (R.W.C): 
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Five fresh leaves were randomly taken from each unit.  Fresh 
weight (FW) of the 5 leaves was determined by electronic 
balance. Being too small for taking leaf discs from, the 
whole leaves were floated in distilled water in Petri dishes 
for 24 hours at room temperature, then taken out of water 
and dried with paper towels and weighted to obtain the 
turgid weight (TW) The leaves were then placed in an oven 
at 88oc for 72 hours and then weighted to obtain the dry 
weight (DW). 
Relative water content was calculated by the following 
formula: 
R W C = FW- DW/ TW- DW x 100 
4/ Statistical analysis: 
Analysis of variance (ANOVA) appropriate for RCBD was 
used according to Gomez and Gomez (1984). Means separation 
were carried out using the least significant difference (LSD) for the 
different characters. 
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CHAPTER FOUR 
RESULTS 
Field survey: 
1. Types of the vegetation: 
There were three types of vegetation in the Sabaloga area, viz: 
permanent vegetation of trees and shrubs, perennial herbs and 
grasses, and succulent plants. 
2. Distribution and description of um siteih plants: 
Generally the dominant families which were found in Alsabaloga 
area were Fabaceae, Poaceae, Neurdaceae and Tilliaceae. Plants 
belonging to these families were dominant in the northern part of 
study area where annual rainfall did not exceed 75mm and the soil 
was lighter. In contrast, plants belonging to other families such as 
Mimosaceae, Zygophyllaceae, Prosopis glandulosa  were 
dominant in southern part of the study area where the annual 
rainfall exceeds 100 mm. 
Laboratory experiments: Germination percentage: 
The germination percentage is shown in Fig 1. Statistical 
analysis showed that the soaked seeds had higher mean total 
germination percentage compared with unsoaked seeds at all 
temperatures and there were significant difference between them. 
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Fig (1): Effect of temperature on germination of soaked and 
un- soaked seeds of Corchorus depressus. 
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Field experiment: 
1/ Number of stems per plant: 
The number of stems per plant is shown in Table 1. 
Statistical analysis revealed significant differences between the 
watering interval in numbers of stems. Number of stem increased 
progressively from the start of the experiment up to the end of the 
experimental period. There were no significant differences between 
treatments during the first two weeks of growth. Thereafter 
significant differences were recorded. The number of stems 
increased with the increase in the level of water stress reaching its 
highest value when plants were irrigated every six weeks and 
declining thereafter. 
 
2/ Average length of stems per plant: 
The average length of stems is shown in Table 2. Analysis of 
Variance showed that there were again significant differences in 
stem length between the different watering intervals.  Stem length 
decreased significantly when watering interval was increased from 
one week to two and four weeks. However when the irrigation 
interval was increased to six weeks, stem length increased 
significantly followed by a significant reduction when the interval 
was increased to eight weeks. 
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Table (1): Number of stems per plant of Corchorus depressus 
under different watering interval. 
LSD           1.37           2.26         2.8          3.14         28.43         23.67           
3.67 
 
W1 watering every week 
W2 watering every two weeks 
W3 watering every four weeks 
W4 watering every six weeks 
W5 watering every eight weeks 
 
 
 
 
 
 
 
 
 
 
Treatments Week2 Week4 Week6 Week8 Week10 Week12 Week14 Mean 
W1 5.3 10.7 16.0 21.3 101.3 213.3 220.3 84.02 
W2 5.7 11.3 17.0 22.7 107.7 220.0 227.0 87.3 
W3 6.3 12.7 19.0 25.3 120.3 232.3 239.3 93.6 
W4 7.0 14.7 21.7 29.3 149.7 245.0 252.0 102.7 
W5 6.7 13.3 20.0 26.7 120.7 232.3 239.3 94.1 
Mean 6.2 12.5 18.7 25.06 119.9 228.2 235.5  
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Table (2): Stem length (cm) per plant of Corchorus depressus 
under different watering interval. 
 
Treatment Week2 Week4 Week6 Week8 Week10 Week12 Week14 Mean 
W1 3.4 6.8 10.2 17.0 23.9 35.9 36.7 19.1 
W2 1.4 5.7 7.7 9.6 13.3 26.4 28.4 13.2 
W3 2.4 4.7 7.1 12.6 16.8 29.8 32.3 15.1 
W4 5.1 10.2 15.4 25.6 35.8 48.9 51.9 27.5 
W5 3.4 6.8 10.1 16.7 22.9 35.9 39.7 19.3 
Mean 3.14 7.24 9.7 16.3 22.5 35.38 37.8  
LSD                 0.26         1.3           1.68          1.5          4.85        2.07          
3.15 
 
W1 watering every week 
W2 watering every two weeks 
W3 watering every four weeks 
W4 watering every six weeks 
W5 watering every eight weeks 
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3/ Average number of leaves per plant: 
The average number of leaves per plant is shown in Table 3. 
Analysis variance showed that there were significant differences in 
leaves number between the different watering intervals. Leaves 
numbers increased significantly when watering interval was 
increased from one week to six weeks. However significant 
reduction when the interval was increased to eight weeks. 
 
4/ Root length per plant: 
The root length per plant is shown in Fig 2. Statistical 
analysis revealed significant differences between the watering 
treatments in root length.  The root length increased with the 
increase in the level of water stress reaching its highest value when 
plants were irrigated every eight weeks. 
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Table (3): Leaves number per plant of Corchorus depressus 
under different watering interval. 
Treatment Week2 Week4 Week6 Week8 Week10 Week12 Week14 Mean 
W1 30.3 79.0 128.0 257.0 1216.0 1387.0 1412.0 644.1 
W2 39.6 57.0 133.3 311.3 1267.6 1439.0 1466.0 673.4 
W3 55.6 71.0 154.0 270.3 1468.3 1631.3 1658.0 758.3 
W4 46.6 153.0 173.3 350.6 1647.6 1818.6 1842.6 861.7 
W5 44.6 101.0 160.0 321.3 1520.0 1691.0 1716.0 793.4 
Mean 43.3 92.2 149.7 302.1 1423.9 1593.3 1618.9  
LSD               18.72       21.87          24.84       50.48       240.05     240.09      
8.9 
 
W1 watering every week 
W2 watering every two weeks 
W3 watering every four week 
W4 watering every six weeks 
W5 watering every eight weeks 
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Fig.(2): Effect of watering interval on root length (cm) per 
plant of Corchorus depressus. 
W1 watering every week 
W2 watering every two weeks 
W3 watering every four weeks 
W4 watering every six weeks 
W5 watering every eight weeks 
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
 
 
42 
 
5/ Number of flowers per plant: 
The number of flowers per plant is shown in Fig 3.  Statistical 
analysis revealed significant differences between the watering 
treatments in numbers of flowers. The number of flowers increased 
with the increase in watering interval reaching its highest value 
when plants were irrigated every two weeks followed by six weeks 
and then declining. 
 
6/ Number of pods per plant: 
The number of pods per plant is shown in Fig 4. Analysis 
variance showed that there were significant differences between 
the watering treatments in numbers of pod.  The number of pods 
reached its highest value when plants were irrigated every two 
weeks. Prolonging the irrigating interval resulted in a decrease in 
pods number so that the lowest value was recorded when plants 
were irrigated every eight weeks. 
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W1 watering every week 
W2 watering every two weeks 
W3 watering every four weeks 
W4 watering every six weeks 
W5 watering every eight weeks 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.(3): Effect of watering interval on flowers number per 
plant of Corchorus depressus. 
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Fig.(4): Effect of well-watered and water stressed on Pods 
number per plant of Corchorus depressus. 
W1 watering every week  
W2 watering every two weeks 
W3 watering every four weeks 
W4 watering every six weeks 
W5 watering every eight weeks 
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7/ Fresh weight of stem per plant: 
The fresh weight of stems per plant is shown in Fig 5. 
Analysis variance showed that there were significant differences 
between different watering intervals in fresh weight of stems. Fresh 
weight of stems increased significantly when watering interval was 
increased from one to two weeks, then fresh weight of stems 
decreased significantly when watering interval increased to four 
weeks. However it increased again significantly when watering 
interval increased from four to six weeks followed by a significant 
reduction when the interval was increased to eight weeks. 
 
8/ Dry weight of stem per plant: 
The dry weight of stems per plant is shown in Fig 6.  
Analysis variance showed that there were significant differences in 
dry weight of stems between different watering intervals. Dry 
weight of stems increased significantly when watering interval 
increased from one to two weeks, then when watering interval 
increased from two up to six weeks. The dry weight decreased 
significantly followed by significant increase when the watering 
interval was increased to eight weeks. 
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Fig.(5): Effect of watering interval on stems fresh weight per 
plant of   Corchorus depressus. 
W1 watering every week 
W2 watering every two weeks 
W3 watering every four weeks 
W4 watering every six weeks 
W5 watering every eight weeks 
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Fig.(6): Effect of watering interval on stems dry weight per 
plant of   Corchorus depressus. 
W1 watering every week 
W2 watering every two weeks 
W3 watering every four weeks 
W4 watering every six weeks 
W5 watering every eight weeks 
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9/ Root fresh weight per plant: 
The fresh weight of roots per plant is shown in Fig 7. 
Analysis of variance showed that there were significant differences 
in root fresh weight between different watering intervals. Fresh 
weight of roots reached its highest value when plants were irrigated 
every two weeks. When watering interval increased from two to 
four weeks the fresh weight of roots decreased significantly. Then 
the fresh weight of root  increased progressively when watering 
interval was increased from four weeks up to end of experiment. 
 
10/ Root dry weight per plant: 
The dry weight of root per plant is shown in Fig 8. Statistical 
analysis revealed significant differences between the watering 
treatments in dry weight of root. The dry weight of roots per plant 
increased with the increase in watering interval from one week to 
two weeks. The lowest value was recorded when plant was 
irrigated every six weeks. 
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W1 watering every week 
W2 watering every two weeks 
W3 watering every four weeks 
W4 watering every six weeks 
W5 watering every eight weeks 
 
 
 
 
 
 
 
 
 
  
 
 
      
 
 
Fig.(7): Effect of watering interval on root fresh weight  per plant of Corchorus 
depressus. 
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Fig.(8): Effect of well-watered and water stressed on root dry 
weight per plant of Corchorus depressus. 
W1 watering every week 
W2 watering every two weeks 
W3 watering every four weeks 
W4 watering every six weeks 
W5 watering every eight weeks 
 
 
         
         
  
 
       
         
         
         
         
         
         
         
         
         
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
 
 
51 
 
11/ Relative water content: 
Relative water content per plant is shown in Table 4. 
Statistical analysis revealed significant differences between the 
watering treatments in relative water content. (Relative water 
content decreased progressively from the start of the experiment up 
to the end of the experimental period).  The relative water content 
increased with the decrease in the level of water stress reaching its 
highest value when plants were irrigated every one week. 
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Table (4): Relative water content of plants under different watering 
intervals 
 
Treatment Relative water content% 
 Read1 Read2 Read3 Mean 
W1 70.0% 71.0% 78.0% 73.0% 
W2 64.0% 63.2.0% 62.2% 63.1% 
W3 59.0% 61.9.0% 54.7% 58.5% 
W4 53.0% 56.0% 52.2% 53.7% 
W5 49.0% 43.1% 42.7% 44.9% 
Mean 59.0% 59.04% 57.9%  
LSD (0.05)                  2.3                 18.03                   5.0 
 
W1 watering every week 
W2 watering every two weeks 
W3 watering every four weeks 
W4 watering every six weeks 
W5 watering every eight weeks 
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CHAPTER FIVE 
DISCUSSION 
Adaptation of Um siteih herbs: 
Since adaptation is a shift in function or form to insure fitness 
in environment, Um siteih plants have adapted their physical 
structure, through special mechanisms to deal with the scarcity of 
water. One of the most common adaptations to water deficit is the 
small leaves with low plant surface area (Landau, 1992). 
In this regard Um siteih has small leaves not more than a few 
millimeters is area. An additional adaptation mechanism, is full or 
partial dormancy during the dry period (Landau, 1992 ). In very 
many species of plants the seeds, when shed from the parent plant, 
will not germinate. Such seeds will germinate under natural 
conditions, if they are kept for a certain period time. These seeds 
are said to require a period after-ripening. After ripening may be 
defined as any changes which occur in seeds during storage as a 
result of which germination becomes possible or is improved 
(Mayer et al., 1981). 
In the present study the presence of seeds in hard pods was 
noticed and the seed is characterized by the presence of mucilage 
in the seed coat. The presence of mucilage was reported to be 
connected with seed dispersal and the uptake of water during 
germination (Young and Evans, 1973). Mayer and Poljakoff-
Mayber, (1982) reported that the presence of mucilage in the seed 
coat improves the ability to imbibe water and reduces the 
sensitivity of the seed to soil water stress. Germination was 
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observed to begin when temperature reached 20 – 250 C. This may, 
probably, be connected with hormonal effects on germination or 
the degradation of germination inhibitor. Went (1953, 1957) 
suggested that in certain desert seeds germination only occurs if the 
rate of reformation of an inhibitor in the seeds, when they are 
moistened, is slower than the process of germination itself and that 
such a situation might occur only under very specific conditions of 
moisture and temperature. Also, Mayer and Poljakoff-Mayber 
(1982) reported that in arid regions plants, survival of the species is 
determined by mechanisms which ensure that germination occurs 
at a time when the seedling is able to establish itself and thus 
germination should ideally occur when moisture and temperature 
conditions favour both germination and seedling establishment. 
An additional effect of temperature must be considered. In 
order to germinate many seeds require an exposure to certain 
temperature prior to be placed at the temperature which is 
favourable to germination (Mayer et al.,1981). 
 
Effect of water stress on the morphological characters of 
Corchorus depressus: 
Contrary to the expected effects of water stress on growth, in 
the present study lengthening of the irrigation interval and, hence, 
increasing water stress had the opposite effect of increasing the 
measured growth parameters. The number of stems, leaves, 
flowers, pods, root length and dry weight of stems per plants all 
increased progressively with increasing the length of the irrigation 
interval. However when a very severe water stress was imposed by 
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withholding water for two months, these growth parameters started 
to decline. Similar to those results were reported by Boutraa 
(2010)w for Calotropis procera in which a moderate water stress 
(50% of Field capacity) resulted in higher growth than either a 
nonstress treatment (80% of Field capacity) or a severe stress (30% 
of Field capacity). This indicate that both Um Siteiha and 
Calotropis procera are extremely hardy plants which are adapted 
to growth under conditions of water scarcity. The special 
adaptations adopted by them may render them unable to cope with 
conditions of water availability and hence their reduced growth 
under these conditions. Also, severe water stress may impair their 
physiological processes such as photosynthetic capacity and 
membrane integrity leading to reduced growth. Desiccation of the 
protoplasm and disruption of membrane integrity have often been 
cited as having deleterious effects on plant growth at severe levels 
of moisture stress (Maas, 1990; Wilkinson, 1994).  
The increase in specific number of stems , leaves, root 
length, flowers, pods, fresh weight of stems, dry weight of stems, 
fresh weight of root and dry weight of root  fresh and dry weights 
of root per plant under water stress conditions observed in this 
study revealed an adaptation mechanism to drought. In contrast, the 
significant reduction in stem length at the same time there is 
increase in root length. Here the plants viewed other adaptation by 
elongation of roots system instead of stems length so that they can 
get water to ensure survival under water stress. Water deficits 
result in slower shoot growth with reduced elongation of stems and 
expansion of leaves. This may be considered as adaptive because it 
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results in reduction of the transpiring surface providing a more 
favorable balance of shoot to root, but it could be considered 
damaging in that the ability to intercept solar radiation and capacity 
for photosynthesis are reduced. The above-mentioned adaptations 
may point to the ability of  Um siteih for growth under conditions 
of extreme aridity and may be considered a suitable plant for sand 
dune fixation.  Similarly, the reversible closing and opening of 
stomata with drought and re-watering may be considered as being 
either adaptive or damaging. Clearly, an adapted plant is one which 
exhibits an optimum balance, in response to drought, between the 
avoidance of extreme plant water deficits and the maintenance of 
carbon dioxide assimilation, (Ahmed and Ahmed, 2007). 
Relative water content (RWC) is a veteran method that has 
recently gained favour over LWP as a very relevant physiological 
measure of plant water deficit. Its advantage is that it accounts for 
the effect of Osmotic adjustment in affecting plant water status. 
Two plants with the same LWP can have different RWC if they 
differ for OA (Blum, 2009).  
In this study have plants have shown the decrease in RWC 
with the increase of water deficit. In spite of the exposure of plants 
to the highest degree of water stress for a period of eight weeks in 
the experiment, but the relative water content of 44.9%, still a large 
proportion. Um siteih showed one of these much small leaves 
which have a reduced surface area to enable plants to conserve 
water, fewer stomata. The pores in the epidermis or skin of the leaf 
on the leaf can reduce water loss. The plants can roll part of their 
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leaves inwards, reducing surface areas and water loss (Volter, 
2008).  
It has been hypothesized that the initial responses of plants 
to water deficits is the change in turgor pressure in certain cells. 
Plant which maintain turgor pressure under drought condition have 
greater ability to maintain their function (Ahmed and Ahmed, 
2007). 
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                     Conclusion Recommondation 
 
This work was conducted in Khartoum state (Shambat 
farms) to study the morphological bases of Um siteih plant 
adaptation to the scarcity environment, its growth in sandy soil 
under water scarcity and To study Um siteih a potential plant for 
sand dune fixation. A field survey in Alsabaloga, River  Nile state, 
Sudan was also carried out to determine natural distribution and 
collection seeds of Um siteih plants. The effect of temperature on 
germination. 
1. Field survey data indicated that There were three types of 
vegetation in the Sabaloga area, viz: permenant vegetation of trees 
and shrubs, perennial herbs and grasses, and succulent plants.  
2. Um siteih plant remain as seeds over long periods and only 
germinate when conditions become suitable for development. 
3. The relative abundance of Um siteih herbs in Alsabaloga area 
was greater in lighter soil compared to the wadi soils. 
Therefore, these plant may be used to combat desertification. 
4. High germination percentage of Corchorus depressus in a 
wide range of temperature (20 – 45oC) may explain the 
relative abundance and vast distribution of these plants in the 
Alsabaloga area. 
5. Um siteiha was able to maintain high rates of growth even 
when water was withheld for six weeks. Only when water 
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was withheld for eight weeks did the rates of growth began 
to decline but were still high enough for normal growth. 
Further research is needed to arrive at the stress level at 
which growth stops. 
6. The spectacular ability for increasing root growth under 
conditions of extreme aridity and continued growth under 
such conditions may point to the potentiality of um siteih as 
a suitable plant for sand dune fixation. 
7. The common adaptation characteristics of Um siteih herbs to 
water deficit was increased number of flowers and pods. 
Another important adaptation characteristic is full or partial  
dormancy during dry period. 
8. Further work is needed on the morphological, physiological 
and anatomical bases of Um siteih herbs adaptation under 
condition of water scarcity. 
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